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SEMICONDUCTOR COMPONENT HAVING
DISCONTINUOUS DRIFT ZONE CONTROL
DIELECTRIC ARRANGED BETWEEN DRIFT
ZONE AND DRIFT CONTROL ZONE AND A
METHOD OF MAKING THE SAME

BACKGROUND

In the case of semiconductor components including a drift
zone and a drift control zone arranged adjacent to the drit
zone, the driit control zone being isulated from the drift zone
by a dielectric layer, the drift control zone provides for the
formation of an accumulation channel or an inversion channel
along the dielectric layer—depending on the doping type of
the drift zone—when driven 1n the on state. Given the same on
resistance as a conventional component without such a drft
control zone, the accumulation or inversion channel that
forms when the component 1s driven 1n the on state enables a
lower doping of the drift zone, and thus a higher dielectric
strength, or the channel leads to a low on resistance given the
same doping of the driit zone.

For realizing vertical components, that 1s to say those com-
ponents in which, in the on state, a current flows 1n a vertical
direction between a front side and a rear side of the semicon-
ductor body, 1t 1s necessary to produce dielectric layers which
extend 1n a vertical direction of the semiconductor body over
the entire depth of the drift zone. In this case, the thickness of
the dielectric layer, that 1s to say the dimension thereof 1n a
horizontal direction, should be as small as possible 1n order to
achieve a best possible accumulation or inversion effect. Such
dielectric layers extending 1n a vertical direction can be pro-
duced by using a trench etch and subsequently filling the
trench with a dielectric material. However, dielectric layers
having a thickness of a few hundred nm such as are desirable
for such components can be produced only to a limited depth
by this method. Depending on the desired dielectric strength
of the component, and thus depending on the dimension of the
driit zone 1n a vertical direction, the depth may be insufficient
to produce a dielectric layer along the entire dimension of the
drift zone 1n a vertical direction.

A further method for producing such a component pro-
vides for etching a trench that 1s wider than the desired thick-
ness of the dielectric layer, applying dielectric layers to the
sidewalls of the trench, and then epitaxially filling the trench
with a semiconductor material. However, this method 1s com-
plicated and therefore cost-intensive.

SUMMARY

One aspect of the present description relates to a semicon-
ductor component which can assume an on state and an off
state and which includes: a drift zone, a drift control zone, a
drift control zone dielectric arranged between the drift zone
and the drnft control zone and having at least two sections
arranged at a distance from one another in a current flow
direction of the component, and at least one separating struc-
ture which 1s arranged between the drift zone and the dnit
control zone in the region of an interruption—which 1s
defined by the at least two sections—of the driit control zone
dielectric and which has at least one pn junction.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of embodiments and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments and together with the description
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serve to explain principles of embodiments. Other embodi-
ments and many of the intended advantages of embodiments
will be readily appreciated as they become better understood
by reference to the following detailed description. The ele-
ments of the drawings are not necessarily to scale relative to
cach other. Like reference numerals designate corresponding
similar parts.

FIG. 1 illustrates an excerpt from a vertical cross section of
a semiconductor component imncluding a drift zone, a drift
control zone, and, between the drift zone and the drift control
zone, a drift control zone dielectric realized 1n a plurality of
sections, and also separating structures.

FIG. 2 1llustrates a second example of a separating struc-
ture.

FIG. 3 illustrates a third example of a separating structure.

FIG. 4 1llustrates a fourth example of a separating structure.

FIG. 5 illustrates an excerpt from a vertical cross section
through a semiconductor component 1n which a gate elec-
trode and the drift control zone are arranged in a manner
separated from one another.

FIG. 6 illustrates an excerpt from a vertical cross section
through a semiconductor component with a planar gate elec-
trode.

DETAILED DESCRIPTION

In the following Detailed Description, reference 1s made to
the accompanying drawings, which form a part hereof, and in
which 1s shown by way of illustration specific embodiments
in which the invention may be practiced. In this regard, direc-
tional terminology, such as “top,” “bottom,” “front,” “back,”
“leading,” “trailing,” etc., 1s used with reference to the orien-
tation of the Figure(s) being described. Because components
of embodiments can be positioned 1 a number of different
orientations, the directional terminology 1s used for purposes
of 1llustration and 1s 1n no way limiting. It 1s to be understood
that other embodiments may be utilized and structural or
logical changes may be made without departing from the
scope of the present invention. The following detailed
description, therefore, 1s not to be taken 1n a limiting sense,
and the scope of the present invention 1s defined by the
appended claims.

It 1s to be understood that the features of the various exem-
plary embodiments described herein may be combined with
cach other, unless specifically noted otherwise.

FIG. 1 illustrates a vertical cross section through a semi-
conductor component 1n accordance with a first example. The
semiconductor component includes a semiconductor body
100 having a first side 101, which 1s referred to hereimatter as
front side, and a second side 102, which 1s referred to here-
inafter as rear side. The semiconductor component illustrated
1s realized as a MOS transistor and has a drift zone 11 of a first
conduction type, a body zone 12 of a second conduction type,
which 1s complementary to the first conduction type, the body
zone being adjacent to the drift zone 11, and also source zones
13 and a drain zone 14. The source zone 13 1s separated from
the drift zone 11 by the body zone 12 and, 1n the example
illustrated, 1s of the same conduction type as the drift zone 11.
The drain zone 14 1s adjacent to the dniit zone 11 at the
opposite side to the body zone 12. In the embodiment of a
transistor formed as a MOSFET, the drain zone 14 1s of the
same conduction type as the source zone 13.

In order to control an inversion channel 1n the body zone 12
between the source zone 13 and the drift zone 11, the com-
ponent has a gate electrode 15, which 1s msulated from the
source zone 13, the body zone 12 and the drift zone 11 by a

gate dielectric 16.
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Adjacent to the drift zone 11 there 1s a drift control zone 21
present, which 1s dielectrically insulated from the drift zone
11 by a drift control zone dielectric 22. In the component
illustrated, the driit control zone dielectric 22 has a plurality
of sections 22A, 22B, 22C arranged at a distance from one
another 1n a current tlow direction of the component. In the
embodiment of the vertical component 1llustrated, the current
flow direction corresponds to a vertical direction of the semi-
conductor body 100, that 1s to say a direction running perpen-
dicular to the front side 101 and the rear side 102.

Realizing the drift control zone dielectric 22 1n such a way
that the latter has a plurality of sections arranged at a distance
from one another facilitates the production of the drift control
zone dielectric 22 1n a manner explained below. Such a dielec-
tric layer 22 can be produced by the region of the semicon-
ductor body 100, in which the drift zone 11 and the dnit
control zone 21 are arranged being produced layer by layer.
For this purpose, a plurality of semiconductor layers will be
produced successively, the semiconductor layers being illus-
trated by dash-dotted lines 1n FIG. 1 and being designated by
the reference symbols 100A, 100B, 100C. These individual
layers are produced for example by epitaxial deposition of a
semiconductor material forming the semiconductor body
100, such as e.g., silicon.

After the production of each semiconductor layer, a trench
extending 1n a vertical direction 1s produced for each section
of the dielectric layer 22, for example by selective or masked
removal of the respective semiconductor layer by using an
ctching method. In this embodiment, the trenches to be pro-
duced extend over a depth corresponding maximally to the
depth of the semiconductor layer deposited previously. In this
embodiment, the layer thicknesses of the successively depos-
ited semiconductor layers which predetermine the maximum
depth of the trenches that are subsequently to be produced are
chosen such that 1t i1s possible to produce very narrow
trenches and having a trench width for example within the
range ol a few tens to a few hundreds of nanometers, which
extend approximately over the entire thickness of the semi-
conductor layer deposited previously. The thickness of the
semiconductor layer deposited previously lies for example
within the range of between 10 um and 30 um. In this way 1t
1s possible to produce trenches having a high aspect ratio, that
1s to say a high ratio of depth to width, for example within the
range of 50:1 to 200:1. Depending on the thickness of the
deposited semiconductor layer, 1t 1s thereby possible to pro-
duce sections of the dielectric layer 22 whose dimensions 1n
a current tlow direction lie within the range of a few tens to a
tew hundreds of nanometers (a few 10 to a few 100 nm). In
this embodiment, the width of the trenches determines the
later thickness of the dielectric layer 22. In this embodiment,
the “thickness™ of the dielectric layer 22 should be under-
stood to mean the dimension of the dielectric layer in a direc-
tion transversely with respect to the current flow direction and
perpendicular to an area formed by the dielectric layer 22. The
dielectric layer 22 1s produced after the production of the
individual trenches by filling the trenches with a dielectric
material or by thermal oxidation of the semiconductor layer
in the region of the trench.

In the embodiment of the component illustrated 1n FIG. 1,
the bottommost section 22C—proceeding from the front side
101—of the dielectric layer 22 extends as far as the rear side
102 of the semiconductor body 100. This can be achieved for
example by depositing a first 100C of the plurality of semi-
conductor layers onto a semiconductor substrate which 1n
sections forms the later drain zone 14 of the component. In
this embodiment, a first trench for producing the bottommost
section 22C of the driit control zone dielectric 22 1s produced
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such that it extends right into the semiconductor substrate.
After producing the individual semiconductor layers 100A -
100C and, 1f appropriate, after carrying out further method
steps for the production of the component illustrated, the
semiconductor substrate 1s removed proceeding from the
opposite side to the semiconductor layers 100A-100C until
the bottommost section 22C of the driit control zone dielec-
tric 1s reached, whereby the structure illustrated 1n FIG. 1 1s
obtained.

In the embodiment of the component illustrated, the drift
control zone 21 1s doped complementarily to the drift zone 11,
but the drift zone and the drift control zone 21 could also be of
the same conduction type. The doping type of the drift zone
that 1s indicated between parentheses 1n FIG. 1 relates to the
latter configuration. The doping concentrations of the drift
zone 11 and of the drift control zone 21 can lie within the same
range and can be very low. The doping concentrations are for
example less than 10'® cm™, and in one embodiment less
than 10" cm™.

It shall be assumed for the explanation below that the
MOSFET illustrated i1s an n-conducting MOSFET. In this
embodiment, the source zone 13 and the drain zone 14 are
n-doped, and the body zone 12 i1s p-doped. Majority charge
carriers are electrons in this embodiment. Independently of
this, the drift zone 11 can be n-doped or p-doped. The expla-
nations below also apply correspondingly to a p-conducting
component, which 1s obtained from the n-conducting com-
ponent explained by interchanging the doping types of the
individual component zones.

In the embodiment of the component illustrated in FIG. 1,
the drift control zone 21 1s directly adjacent to the gate elec-
trode 15. In this embodiment, the gate dielectric 16 of the gate
clectrode 15, which 1s arranged adjacent to the body zone 12
in a lateral direction, and the section 22 A of the drift control
zone dielectric that 1s arranged closest to the front side 101
can be formed by a common dielectric layer extending as far
as the front side 101.

A task of the drift control zone 21 1s to control a conducting
channel for the majority charge carriers 1n the drift zone 11
along the drift control zone dielectric 22 when the component
1s driven 1n the on state. The component 1llustrated in FIG. 1
1s driven 1n the on state when a positive voltage 1s present
between a drain electrode 43 making contact with the drain
zone 14, or a drain terminal D, and a source electrode 41
making contact with the source zone 14, or a source terminal,
and when an electrical potential suitable for forming an inver-
sion channel 1n the body zone 13 1s present at the gate elec-
trode 15.

The channel 1s an accumulation channel 1f the drift zone 11
1s of the same conduction type as the source zone 13, that is to
say 1f the drift zone 11 1s n-doped in the embodiment of an
n-conducting component, and the channel 1s an accumulation
channel if the drift zone 11 1s doped complementarily to the
source zone 13, that 1s to say 11 the drift zone 11 1s p-doped 1n
the embodiment of an n-conducting component. The accu-
mulation channel influences the on resistance of the compo-
nent to the effect that a lower on resistance can be achieved
given the same doping concentration of the drift zone as 1n a
conventional component without a driit control zone, or that
a lower doping of the drift zone 11 and thus a higher dielectric
strength of the component can be achieved given the same on
resistance as in a conventional component.

In the embodiment of the n-conducting component 1llus-
trated, 1n order to form such a channel along the drift control
zone dielectric 22, the drift control zone 21 must assume an
clectrical potential that 1s higher than an electrical potential
present 1n the drift zone 11 when the component 1s in the on
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state. Holes must therefore be accumulated 1n the drift control
zone 21 at least along the drift control zone dielectric 22.

In the embodiment of the component illustrated 1n FIG. 1,
such a higher potential of the driit control zone 21 1s achieved
by the drift control zone 21 being directly connected to the
gate electrode 15, such that the drift control zone 21 is at the
potential of the gate electrode 15 when the component 1s
driven 1n the on state. A higher electrical potential of the gate
clectrode 15 by comparison with the source zone 14 or the
driit zone 11 1s required in order to drive the component 1n the
on state, that 1s to say 1n order to generate a conducting
channel 1n the body zone 12 between the source zone 13 and
the drift zone 11. The gate electrode 15 1s a p-doped semi-
conductor zone 1n this embodiment.

The dniit control zone 21 1s coupled to the drain zone 14 or
to a drain electrode 43 that makes contact with the drain zone
14. In order to prevent a situation in which, when the compo-
nent 1s driven in the on state, the charge carriers of the dnit
control zone 21 that bring about the higher electrical potential
by comparison with the drift zone 11 flow away 1n a direction
of the drain zone 14, a rectifier element 45, for example a
diode, 1s connected between the drain zone 14 and the dnit
control zone 21. The rectifier element 45 can be an external
component, for example, but can also be integrated—in a
manner not 1llustrated 1n greater detail—in the semiconductor
body. In the example 1llustrated, the rectifier element 45 1s
connected to a connecting electrode 44 that makes contact
with the drift control zone 21. The rectifier element 435 1s
connected up such that it prevents a discharge of the dnfit
control zone 21 1n a direction of the drain zone 14 when the
component 1s driven in the on state, that 1s to say that a
potential equalization between the drift control zone 21 and
the drain zone 14 1s prevented when the component 1s driven
in the on state. In the example 1llustrated, the rectifier element
elfects blocking 1f the drift control zone has an electrical
potential that 1s higher than an electrical potential of the drain
zone 14. In the embodiment of a p-conducting component
(not 1llustrated), the rectifier element effects blocking 1t the
driit control zone has an electrical potential that 1s lower than
an electrical potential of the drain zone.

There 1s optionally arranged between the drift control zone
21 and the rectifier element 45 a semiconductor zone 23 that

serves as a channel stopper zone and prevents the formation of

a conducting channel—in the example: an inversion chan-
nel—along the driit control zone dielectric 22 for the charge
carriers stored in the drift zone 21 under the control of the
clectrical potential of the drift zone 11 1n the drift control zone
21. The charge carriers required for generating the higher
potential of the drift control zone 21 are holes 1n the example
illustrated. The channel stopper zone 23 1s a highly n-doped
semiconductor zone in this embodiment.

If the drift zone 11 1s of the same conduction type as the
body zone 12, then an inversion channel controlled by the
drift control zone 21 forms along the drift control zone dielec-
tric 22 when the component 1s driven 1n the on state. Since the
drift control zone dielectric 22 has a plurality of sections
arranged at a distance from one another, connecting zones 32
doped complementarily to the drift zone 11 are provided 1n
this embodiment, the connecting zones extending 1n the driit
zone 11 from one section of the drift control zone dielectric to
the respective next section. In the embodiment of an n-doped
driit zone 11, the connecting zones 32 are optionally present
and then doped more highly than the driit zone 11.

In order to separate the drift zone 11 and the drift control
zone 21, separating structures each having at least one pn
junction are present in those regions 1n which the drift control
zone dielectric 22 1s interrupted, that 1s to say in regions
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between two sections of the drift control zone dielectric 22.
The pn junction 1s polarized such that, when the component 1s
driven 1n the on state, no potential equalization can take place
between the drift zone 11 and the drift control zone 21, that 1s
to say that no charge carrier flow can take place between the
driit zone 11 and the driit control zone 21. For the component
illustrated, the separating structures in each embodiment have
a first separating zone 31 and a second separating zone 33
doped complementarily to the first separating zone 31, the
zones forming a pn junction which extends from one section
to the respective next section of the drift control zone dielec-
tric 22 1n a vertical direction. The pn junction thus extends
over the entire cutout present between two sections of the drift
control zone dielectric 22 and therefore completely separates
the drift zone 11 and the drift control zone. The doping con-
centration of the first separating zone 31 lies for example 1n
the region of 10"’ cm™ or above. The doping concentration of
the second separating zone 33 lies for example between 10>
cm™ and 10'7 ¢cm™. In the example illustrated, the second
separating zone 33 1s n-doped and faces the driit control zone
21, while the first separating zone 31 is p-doped and faces the
drift zone 11. In the embodiment of a p-conducting compo-
nent (not illustrated), these dopings are correspondingly
interchanged.

The component illustrated 1s turned ofl 1T a positive voltage
1s present between drain and source but the gate electrode
does not have an electrical potential suitable for forming an
inversion channel 1n the body zone. When the component 1s
driven 1n the off state, a space charge zone propagates 1n a
vertical direction both 1n the driit zone and 1n the driit control
zone 21. The doping of the drift control zone 21 1s so low, for
example between less than 10" ° cm™ and even less than 10**
cm™, that the propagation of such a space charge zone is
possible. It should also be noted 1n this context that the drift
zone 11 and the drift control zone 21 are composed of a
monocrystalline semiconductor material that enables such
space charge zones to propagate.

The space charge zone that propagates 1n the drift control
zone 21 when the component 1s in the off state reduces the
voltage loading on the drift control zone dielectric 22, such
that the drift control zone dielectric 22 can be made compara-
tively thin, for example with a thickness of at most 10 to 100
nm, which results 1n a good accumulation or inversion etfect
when the component i1s driven 1n the on state. When the
component 1s driven 1n the oiff state, each of the first separat-
ing zones 31 acts as a compensation zone which compensates
for dopant charges present 1n the associated second separat-
ing zone 33 and 1n the associated connecting zone 32. In this
embodiment, the doping concentration of the first separating
zones 31 can be so high that the separating zones 31 are not
tully depleted when the component 1s driven in the off state.

When the component 1s driven in the off state, charge
carriers flow into the first separating zones 31. In the embodi-
ment of the p-doped first separating zones 31 1llustrated in
FIG. 1, these inflowing charge carriers are electrons, such that
negatively charged acceptor cores arise and the first separat-
ing zones 31 are negatively charged. When the component 1s
switched on again, that 1s to say upon the transition of the
component from the off state to the on state, the separating
zones have to be discharged by using the electrons flowing
away, or by using holes flowing 1n. Otherwise, with the com-
ponent 1n the on state, a space charge zone would be present
around the second separating zones 31 1n the drift zone 11 and
would adversely influence the on resistance of the compo-
nent. In order to achieve such a discharge, the separating
structures have discharge structures. In the embodiment of the
separating zones illustrated in the figure, such discharge
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structures are present on account of a particular geometry of
the first and second separating zones 31, 33: the second sepa-
rating zones 33 extend 1n the drift control zone 21 from one
section of the drift control zone dielectric 22 as far as the
respective next section of the drift control zone dielectric in a
vertical direction. On the opposite side of at least one of these
sections of the drift control zone dielectric 22, that 1s to say on
the side of the drift zone 11, the first separating zone 31
extends as far as the driit control zone dielectric 22 and 1n this
embodiment completely overlaps at least one of the sections
of the second separating zone 33 that extends as far as the driit
control zone dielectric 22. As a result of this, a discharge
channel 34 1s present in the second separating zone 33 along
the dritt control zone dielectric 22, which discharge channel
1s controllable by the first separating zone extending as far as
the dielectric 22 at the opposite side of the dielectric 22.

The functioning of the discharge structure i1s explained
below for an arbitrary one of the separating structures: if the
potential of the drift control zone 21 rises when the compo-
nent 1s switched on again and if the first separating zone 31 1s
initially at a lower electrical potential than the drift control
zone 21 due to the holes that have flowed away previously,
then the discharge channel becomes conducting under the
control of the lower potential of the first separating zone 31,
that 1s to say that an 1inversion channel forms along the drit
control zone dielectric 22 1n the second separating zone 33.
Holes flow via the channel from the drift control zone 21 into
the first separating zone, whereby the first separating zone 31
1s discharged again.

It should also be pointed out that the first separating zone
31 can be doped so highly that 1t 1s not fully depleted in the
off-state case, that 1s to say that not all of the dopant charge
present 1n the separating zone 1s 1onized.

The semiconductor component 1llustrated is constructed in
cellular fashion and has a multiplicity of transistor cells of
identical type each having a source zone 13, a body zone 12,
a drift zone 11, a drift control zone 21 and a drift control zone
dielectric 22 arranged between the drift zone 11 and the dnit
control zone 21, and also a gate electrode 15. The individual
transistor cells are realized as strip cells, for example. In this
embodiment, the component zones explained extend 1n elon-
gated fashion 1n a direction running perpendicular to the plane
of the drawing illustrated in FIG. 1. In this embodiment, the
source zones 13 of the individual transistor cells are electri-
cally conductively connected to one another, and the gate
clectrodes 15 of the individual transistor cells are electrically
conductively connected to one another. Furthermore, the
drain zones 14 of the individual transistor cells are electrically
conductively connected to one another, whereby the indi-
vidual transistor cells are connected in parallel. In the
embodiment of the example 1llustrated 1n FIG. 1, two adjacent
transistor cells respectively share a drift zone 11, and two
turther adjacent transistor cells respectively share a drift con-
trol zone 21.

FIG. 2 1llustrates a further example of a separating struc-
ture serving for separating the drift zone 11 and the dnit
control zone 21 1n those regions of the semiconductor body
100 1n which the drift control zone dielectric 22 1s interrupted.
In the embodiment of this separating structure, the second
separating zone 33 extends from one section of the drift
control zone dielectric 22 as far as the respective next section
ol the drift control zone dielectric 22 in a vertical direction
and 1s completely surrounded by the first separating zone 31
both toward the drift zone 11 and toward the drift control zone
21. In this example embodiment, the first and second sepa-
rating zones 31, 33 form two pn junctions, a first pn junction
36 toward the drift zone 11 and a second pn junction 37
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toward the drift control zone 21. What 1s crucial for prevent-
ing a potential equalization between electrical potentials of
the drift zone 11 and of the drift control zone 21 when the
component 1s driven in the on state 1s 1n this embodiment the
first pn junction 36, which 1s reverse-biased 11 the drift control
zone 21 1s at a higher electrical potential than the driit zone
11.

In the example illustrated, the first separating zone 31 has
two partial sections, a first partial section arranged between
the second separating zone 32 and the drift zone 11, and a
second partial section arranged between the second driit zone
33 and the dnift control zone 21. There 1s optionally the
possibility that the second pn junction 37 formed between the
second separating zone 33 and the second partial section 1s
made ineffective by producing a short circuit 52 between the
second separating zone 33 and the second partial section. For
this purpose, by way of example a metal or a hughly doped
polycrystalline semiconductor material 1s introduced into the
region of the pn junction.

The functioning of the separating structure illustrated 1n
FIG. 2 1s explained below: 11 the component 1s turned oiff, and
if a space charge zone thus propagates 1n the drift zone 11 and
the driit control zone 21, then a space charge zone propagates
proceeding from the pn junction between the first separating
zone 31 and the drift zone 11 or the connecting zone 32
optionally present. Dopant charges of the first separating zone
and of a section of the dritt zone 11 or of the connecting zone
32 thereby mutually compensate for one another. The first
separating zone 1s charged as a result of this, or dopant atoms
in the first separating zone are 1onized. This “charging” of the
first separating zone 31 corresponds to electrons flowing into
the first separating zone 31. In the example illustrated, the
second separating zone 33 1s doped so highly that 1t 1s not
tully depleted in the off-state case. The first partial zone 31
can be doped here such that it 1s not fully depleted in the
oll-state case. When the component 1s in the off state, the first
separating zone 31 1s charged negatively 1n the example 1llus-
trated by using holes tlowing away or by using electrons
flowing 1n. In this embodiment, the first separating zone 31
assumes an electrical potential corresponding to the electrical
potential of the surrounding drift zone 11. In this embodi-
ment, the second separating zone 33 assumes the electrical
potential of the first separating zone 31.

A discharge structure is realized in the embodiment of the
separating structure 1llustrated 1n FIG. 2 by virtue of the fact
that the second separating zone 33 1s arranged 1n sections so
close to the first separating zone 31 that a breakdown structure
38 arises, which enables a discharge of the second separating
zone 33 1n a direction of the drift zone 11 if a potential
difference between the electrical potential of the drift zone 11
and the second separating zone 33 corresponds to the value of
a breakdown voltage of the breakdown structure. With the
discharge of the second separating zone 33, the first separat-
ing zone 31 surrounding the second separating zone 33 1s also
discharged again. In this embodiment, the breakdown struc-
ture 38 1s arranged at a location at which a potential difference
between the electrical potential of the drift zone 11 and the
second separating zone 33 1s lowest when the component 1s 1n
the off state. In the present embodiment this 1s equivalent to
the breakdown structure 38 being arranged in that region of
the first and second partial zones 31, 33 which lies closest to
the pn junction formed between the drift zone 11 and the body
zone (12 1n FIG. 1).

Referring to FIG. 3 1t should be pointed out that the 1ndi-
vidual sections of the driit control zone dielectric 22 need not
necessarily be arranged 1n alignment 1n a vertical direction of
the semiconductor body 100. FIG. 3 illustrates an excerpt
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from a cross section through the semiconductor body in the
region ol a separating structure. In this embodiment, the
sections of the dielectric layer which are arranged adjacent to
one another 1n the region of this separating structure are
arranged oflset with respect to one another 1n a lateral direc-
tion ol the semiconductor body. The separating structure
illustrated 1n FIG. 3 corresponds to the separating structure
already explained with reference to FIG. 2. It goes without
saying, however, that a lateral offset of the individual sections
of the dielectric layer 1s permissible in any of the separating
structures that have been explained above and will be
explained below.

FIG. 4 1llustrates a further example embodiment of a sepa-
rating structure, which ditters from that 1llustrated in FIG. 2
by virtue of the fact that a breakdown zone 51 of the same
conduction type as the second separating zone 33 1s present.
The breakdown zone 1s arranged partly in the second sepa-
rating zone 33 and is realized 1n such a way that i1t extends
proceeding from the second separating zone 33 further 1n a

direction of the drift zone 11 than the second separating zone
33. In this embodiment, the breakdown zone 51 or the dis-
tance between the breakdown zone 51 and the drift zone 11 or
the connecting zone 32 (if one 1s present) determines the
breakdown voltage of the breakdown structure. The doping,
concentration of the breakdown zone 51 may correspond to
the doping concentration of the second separating zone 33.

In the embodiment of the component 1llustrated 1n FIG. 1,
the dritt control zone 21 1s directly adjacent to the gate elec-
trode 15, whereby the drift control zone 21 1s at the electrical
potential of the gate electrode 15 when the component 1s
driven 1n the on state. The above-explained concept of real-
1zing the drift control zone dielectric 1n such a way that 1t has
a plurality of sections (22A to 22C i FIG. 1) arranged at a
distance from one another 1n a current flow direction can,
however, be applied to any component structures of a semi-
conductor component including a drift zone 11 with a dnit
control zone 21.

FI1G. 5 1llustrates an excerpt from a cross section through a
semiconductor component in which the drift control zone 21
1s insulated from the gate electrode 15 by a dielectric layer 24.
A charging circuit 60 1s connected to the drift control zone 21
in the example 1llustrated, the charging circuit being designed
to charge the drift control zone 21, when the component 1s
driven 1n the on state, to an electrical potential suitable for
forming the desired conducting channel in the driit zone 11
along the drift control zone dielectric 22.

In the example 1llustrated, the charging circuit 60 includes
a first rectifier element 61, in one embodiment a diode, which
1s connected between the gate terminal G and the drift control
zone 21. Optionally, a capacitive charge store 62, for example
a capacitor, 1s present, which 1s connected between the drit
control zone 21 and the source electrode S. When the com-
ponent 1s driven 1n the off state, the charge store 62 serves for
storing the charge carriers that were stored 1n the drift control
zone 21 when the component was previously driven 1n the on
state. When such a charge store 62 1s provided, switching
losses that arise when the component 1s switched on and off
can be considerably reduced. Optionally, a turther rectifier
clement 63, for example a diode, 1s connected 1n parallel with
the charge store element 62 between the source terminal S and
the drift control zone 21. For connecting the charging circuit
60, the drift control zone 21 has a more highly doped con-
necting zone 235, for example, which can be of the same
conduction type as the driit control zone 21.

FI1G. 6 illustrates an excerpt from a further semiconductor
component 1n cross section. In this embodiment, the gate
clectrode 42 i1s realized as a planar electrode and arranged
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above the front side 101 of the semiconductor body. In this
embodiment, the body zone 12 does not extend as far as the
drift control zone dielectric 22 in a lateral direction of the
semiconductor body.

Although specific embodiments have been illustrated and
described herein, 1t will be appreciated by those of ordinary
skill 1n the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific embodi-
ments shown and described without departing from the scope
of the present invention. This application 1s intended to cover
any adaptations or variations of the specific embodiments
discussed herein. Therefore, it 1s intended that this invention
be limited only by the claims and the equivalents thereof.

-

I'he invention claimed 1s:

1. A semiconductor component which can assume an on
state and an ofl state comprising;:

a drift zone;

a drift control zone;

a drift control zone dielectric arranged between the drift
zone and the drift control zone and having at least two
sections arranged at a distance from one another 1n a
current tlow direction of the component; and

at least one separating structure which is arranged between
the drift zone and the drift control zone 1n the region of
an interruption, which i1s defined by the at least two
sections, of the drift control zone dielectric and which
has at least one pn junction.

2. The semiconductor component of claim 1, comprising,
wherein the at least one pn junction 1s polarized such that 1t
prevents a potential equalization between the drift zone and
the drift control zone 1n the on state of the semiconductor
component.

3. A semiconductor component configured to have an on
state and an ofl state comprising;:

a drift zone;

a drift control zone;

a drift control zone dielectric arranged between the drift
zone and the drift control zone and having at least two
sections arranged at a distance from one another 1n a
current flow direction of the component; and

at least one separating structure which is arranged between
the drift zone and the drift control zone 1n the region of
an mterruption, which 1s defined by the at least two
sections, of the drift control zone dielectric and which
has at least one pn junction, wherein the separating
structure has a first separating zone and a second sepa-
rating zone doped complementarily to the first separat-
ing zone, between which zones the at least one pn junc-
tion 1s formed.

4. The semiconductor component of claim 3, comprising,
wherein the first and second separating zones in each case
extend from one section of the drift control zone dielectric as
far as a section adjacent to said one section 1n a current flow
direction.

5. The semiconductor component of claim 4, comprising,
wherein the second separating zone 1s arranged between the
first separating zone and the drift control zone.

6. The semiconductor component of claim 4, comprising
wherein the first separating zone surrounds the second sepa-
rating zone toward the dnit zone and toward the driit control
Zone.

7. The semiconductor component of claim 3, comprising,
wherein the separating structure has a discharge structure for
the first separating zone.

8. The semiconductor component of claim 7, comprising,
wherein the discharge structure 1s designed to enable a charge
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exchange between the first separating zone and the drift zone
or the drift control zone when the component 1s 1n the on state.

9. The semiconductor component of claim 8, comprising
wherein the discharge structure has a discharge channel
which can be controlled by the first separating zone and which
extends along at least one section of the drift control zone
dielectric through the second separating zone from the drift
control zone to the first separating zone.

10. The semiconductor component of claim 9, comprising:

wherein the second separating zone 1s adjacent to the at
least one of the sections of the driit control zone dielec-
tric at a side facing the drift control zone, and

wherein the first separating zone 1s adjacent to the at least
one of the sections of the drift control zone dielectric at
a side facing the driit zone and completely overlaps the
second separating zone along said section.

11. The semiconductor component of claim 6, comprising:

wherein the first separating zone has a first partial section
which 1s arranged between the second separating zone
and the driit zone and which forms a first PN junction
with the second separating zone, and

wherein the first separating zone has a second partial sec-
tion which 1s arranged between the second separating
zone and the drift control zone and which forms a second

PN junction with the second separating zone.

12. The semiconductor component of claim 11, comprising
wherein the second separating zone and the second partial
section are short-circuited.

13. The semiconductor component of claim 11, comprising
wherein a distance between the second separating zone and
the drift zone 1s reduced locally, whereby a discharge struc-
ture 1s formed.

14. A semiconductor component configured to have an on
state and an off state comprising:

a drift zone;
a drift control zone;

a drift control zone dielectric arranged between the dnit
zone and the drift control zone and having at least two
sections arranged at a distance from one another 1n a
current flow direction of the component; and

at least one separating structure which 1s arranged between

the drift zone and the drift control zone 1n the region of

an interruption, which 1s defined by the at least two
sections, of the drift control zone dielectric and which
has at least one pn junction,

wherein the semiconductor component 1s a MOSFET and
comprising a source zone, a body zone arranged
between the source zone and the drift zone, and a drain
zone separated from the body zone by the drift zone, and
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a gate electrode adjacent to the body zone and dielectri-
cally insulated from the body zone by a gate dielectric.

15. The semiconductor component of claim 14, comprising
wherein the gate electrode 1s composed of a doped semicon-
ductor material and 1s directly adjacent to the drnit control
Zone.

16. The semiconductor component of claim 14, comprising
wherein a rectifier element 1s arranged between the drain zone
and the drift control zone, said rectifier element being con-
nected up 1 such a way that no potential equalization takes
place between the drain zone and the drift control zone when
the component 1s driven in the on state.

17. The semiconductor component of claim 14, comprising
wherein the drift control zone 1s arranged 1n a manner sepa-
rated from the gate electrode and which has a charging circuit
connected to the gate electrode.

18. The semiconductor component of claim 17, comprising
wherein the charging circuit has a rectifier element connected
between the gate electrode and the drift control zone.

19. A semiconductor component which can assume an on
state and an ofl state comprising;:

a drift zone;

a drift control zone;

a drift control zone dielectric arranged between the drift
zone and the drift control zone and having at least two
sections arranged at a distance from one another 1n a
current flow direction of the component; and

means for separating arranged between the drift zone and
the driit control zone 1n the region of an interruption,
which 1s defined by the at least two sections, of the drift
control zone dielectric and which has at least one pn
junction.

20. A method of making a semiconductor component com-

prising:

forming a driit zone;

forming a driit control zone;

arranging a drift control zone dielectric between the drift
zone and the drift control zone and having at least two
sections arranged at a distance from one another 1n a
current flow direction of the component; and

configuring at least one separating structure between the
driit zone and the drift control zone in the region of an
interruption, which 1s defined by the at least two sec-
tions, of the drift control zone dielectric and which has at
least one pn junction.

21. The method of claim 20, comprising polarizing the at
least one pn junction such that 1t prevents a potential equal-
1zation between the drift zone and the drift control zone in the
on state of the semiconductor component.
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